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Abstract  
Background: Following the introduction of complete mesocolic excision, a new 
pathological evaluation of the resected colon cancer specimen was introduced. This 
concept has quickly gained acceptance and is often used to compare surgical quality. 
The grading of colon cancer specimens is likely to depend on both surgical quality 
and the training of the pathologist.  
Objective: To validate the principles of the pathological evaluation of colon cancer 
specimens. 
Design: Exploratory study. 
Settings: Aarhus, Denmark and Leeds, United Kingdom. 
Patients: Colon cancers specimens. 
Main outcome measures: The agreement of gradings between participants was of 
interest. Four specialist gastrointestinal pathologists and two abdominal surgeons 
evaluated two rounds of colon cancer specimens, each at two separate time points. 
Each round contained 50 specimens. Following the first round a protocol of detailed 
principles for the grading procedure was agreed upon. Results from an experienced 
pathologist were considered as the reference person.  
Results: In the first round, the distribution of gradings between participants showed 
substantial variation. In the second round, the variation reduced. Intra-observer 
agreement was mostly fair-to-good whereas, inter-observer agreement was 
frequently poor. This did not significantly change from round one to round two. 
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Limitations: The small sample size of 100 specimens provided a very small number 
of specimens resected in the muscularis propria plane, which renders the evaluation 
of this group potentially unreliable. The evaluations were made on photos and not on 
fresh specimens. 
Conclusion: This study demonstrates significant variation in the pathological 
evaluation of colon cancer specimens. It demonstrates that it cannot be used in 
clinical studies and care should be taken when comparing results between different 
hospitals. 
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Introduction 
Colon cancer continues to have a high incidence in the western world, but despite an 
increasing focus on the disease, the mortality has not markedly decreased over the 
last 20 years. With the introduction of complete mesocolic excision (CME), colon 
cancer surgery has taken a step towards a more standardized and optimized 
resectional approach. The principles of CME are obtained from optimal rectal cancer 
surgery, where the introduction of total mesorectal excision (TME) has improved 
rectal cancer outcomes markedly 1,2. The concept of CME is now broadly accepted 
and has been implemented as the standard procedure in many centers. CME 
involves adequate removal of all tumor draining lymph nodes within an intact fascial 
and peritoneal lined package. This means dissection in the mesocolic plane when 
separating the colon and mesocolon from the retroperitoneum as described by 
Hohenberger et al. 3, a central tie of the tumor feeding artery and sufficient 
cranio/caudal resection of the large bowel. The first part is generally accepted, whilst 
the two last components are still debated 4. A developing body of evidence suggests 
that resection in the mesocolic plane is beneficial for patient survival 5,6.  
Along with the introduction of CME, a new pathological evaluation of the resected 
colon cancer specimen was introduced 5. The principle of grading specimens 
according to the quality of resection in the mesocolic plane is also derived from the 
evaluation of TME specimens 7, and provides a better description of the surgical 
resection. A CME resection should result in a specimen with a smooth and intact 
surface encompassing all potential routes for tumor spread. The pathological 
evaluation is also a unique opportunity for feedback from pathologists to surgeons in 
order to optimize surgery, and surgical departments can use the evaluation to report 
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their results after implementation of CME 4,8-11. This pathological evaluation has 
likewise been implemented at many hospitals, and in Denmark has recently become 
mandatory. The grading of colon cancer specimens depends on both the surgical 
quality and training of the pathologist.  
At Aarhus University Hospital (AUH) in Denmark, CME was implemented in 2008 
along with the pathological evaluation of the specimen. Pathologists at AUH were 
trained by Professor Phil Quirke from the University of Leeds at a post-graduate 
course for multidisciplinary teams.  
The aim of this study was to validate the concept of pathological evaluation of the 
plane of surgery for colon cancer resections. In a blinded study we analyzed inter-
observer and intra-observer variability for surgeons and pathologists using randomly 
selected specimens from AUH. One of the developers of the pathological evaluation 
was used as the reference person. 
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Material and methods 
Participants: 
Four specialist gastrointestinal pathologists (NW, RHM, KS and SK) and two 
abdominal surgeons (DM and SL) were invited to participate in the study. None of the 
participants had performed the surgery but one of the pathologists from AUH may 
have seen some of the specimens during routine reporting years earlier. All 
pathologists at AUH were trained in the principles of grading colon cancer 
specimens, used it routinely and had participated in several international workshops 
on this subject. Both surgeons were very familiar with the principles of the 
pathological grading and had a short practical introduction by one of the pathologists. 
They did not routinely evaluate colon cancer specimens. The results from NW were 
considered as the reference. 
 
Specimens and photographs for the study: 
As it is not possible for multiple pathologists and surgeons to review the actual 
specimens without disrupting the diagnostic pathway, photographs were reviewed in 
line with previous studies of mesocolic grading. Two groups of 50 specimens were 
selected from a database covering 354 specimens from AUH resected between 
January 2008 and December 201112. We randomly selected specimens using 
www.randomizer.org adjusting for the location of the tumor within the colon. For all 
100 specimens, whole fresh, whole formalin-fixed, and cross sectional slice 
photographs were obtained and available for review. All photographs were 
prospectively collected at the unit and retrospectively analyzed for the study. They 
were all high resolution and in color, demonstrating the front and back of the 
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specimen and a metric scale was visible in all photos. All patient identifiers were 
removed and a unique study code given.  
 
Grading of specimens: 
During both rounds, the participants had to determine whether each specimen was 
resected in the mesocolic plane, the intramesocolic plane or the muscularis propria 
plane.  
The plane of surgery has previously been described but briefly consists of: 
Mesocolic plane: A specimen with a fascial and peritoneal-lined surface with only 
very minor or no defects. 
Intramesocolic plane: A specimen with a moderate amount of mesocolon and 
defects in the surface which are deeper than 5 mm, but do not reach the muscularis 
propria. 
Muscularis propria: A specimen with at least one defect reaching the muscularis 
propria.  
 
Rounds of grading: 
)RU³5RXQG´DOOSDUWLFLSDQWVZHUHDVNHGWRJUDGHVSHFLPHQVDFFRUGLQJWRWKHLU
current routine practice using the principles for the evaluations as described above.  
The gradings were performed twice with a minimum of three months between each 
assessment so that specific specimens and their characteristics would be forgotten. 
Due to the unexpected large variation LQ³5RXQG´ZHGHFLGed that all participants 
VKRXOGPHHWLQSHUVRQWRJRWKURXJKDQ\GLVFUHSDQFLHVLQWKHUHVXOWVIURP³5RXQG´. 
We agreed in more uniform principles the grading procedure (Appendix 1). 
 Variation in pathological evaluation  - 9 - 
 
$IWHUZDUGV³5RXQG´ZDVFRQGXFWHGZLWKDGLIIHUHQWJURXSRIVSHFLPHQs. Again 
the gradings were performed twice with a minimum of three months apart, using the 
new agreed uniform principles.  
 
$OOVSHFLPHQVIRU³5RXQG´ZHUHJUDGHGEHWZHHQ0DUFKDQG)HEUXDU\
DQGIRU³5RXQG´EHWZHHQ1RYHPEHUDQG-XQH 
 
 
Statistics: 
Weighted kappa statistics were used in order to compare the observed proportion of 
inter- and intra-observer agreement. Kappa values greater than 0.75 were taken as 
representing excellent agreement, values between 0.4 and 0.75 as fair to good 
agreement and values less than 0.4 were taken as poor agreement 13. It was not 
possible to calculate P-values for the differences between Kappa values, but the 
signed rank test was used to test for symmetry between participants. P-values less 
than 0.05 were considered statistically significant. We also computed the proportion 
of perfect agreement between observers. 
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Results 
Overall grading: 
One specimen was excluded because one pathologist found it impossible to grade in 
³5RXQG´OHDYLQJVSHFLPHQVIRUWKHILQDODQDO\VLV 
According to the gold standard assessment, 67% of all specimens (both rounds) 
were resected in the mesocolic plane, 30% in the intramesocolic plane and 3% in the 
muscularis propria plane. 
 
Distribution of gradings: 
The individual distribution of the gradings for all rounds is shown in Figure 1.  
,Q³5RXQG´WKHUHZDVVXEVWDQWLDOYDULDWLRQEHWZHHQSDUWLFLSDQWVUDQJLQJIUom 63% 
of specimens resected in the mesocolic plane to 29% (Fig 1a-b). NW was very 
consistent in his grading but three out of six of the participants showed a significant 
change in the distribution of the gradings from assessment one to assessment two 
(FigE,Q³5RXQG´WKHUHZDVOHVVYDULDWLRQLQWKHJUDGLQJVDQGWKHUHZDVQR
significant difference for any participant between assessment one and assessment 
two (Fig 1c-d). 
 
Intra-observer variability of surgeons and pathologists: 
,Q³5RXQG´ZHIRXQGWhat NW had excellent agreement between the first and 
second assessment whereas the rest of the participants had fair to good agreement 
(Table 1a). The proportion of perfect agreement between the two evaluations was 
good across the group ranging from 71% to ,Q³5RXQG´DOOFRPSDULVRQVRI
the first and second assessment represented a fair to good agreement. Figure 2 
illustrates the complete intra-observer variability for NW for both rounds.  
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Inter-observer variability of surgeons and pathologists: 
Table 2a represents the inter-observer variability compared to the reference for 
³5RXQG,QPRUHWKDQKDOIRIWKHFRPSDULVRQVWKHDJUHHPHQWZDVSRRUKRZHYHU
the proportion of perfect agreement varied between 63% and 79% suggesting that at 
least around tZRWKLUGVRIWKHVSHFLPHQVZHUHJUDGHGWKHVDPH,Q³5RXQG´DJDLQ
more than half of the comparisons had poor agreement and the proportion of perfect 
agreement varied between 58% and 76%. The overall level of agreement is shown in 
Figure 3. In each evaluation, the agreement was around 70% for both the mesocolic 
plane and intramesocolic plane, whereas it was less than 50% for the muscularis 
propria plane. 
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Discussion 
In this study we wanted to evaluate the intra- and inter-observer agreement between 
participants who grade colon cancer specimens as part of the clinical service on a 
UHJXODUEDVLV,Q³5RXQG´DOOVSHFLPHQVZHUHHYDOXDWHGDFFRUGLQJWRFXUUHQW
routine practice. Here we found substantial variation in the distribution of specimens 
classified in the mesocolic plane between surgeons and pathologists, and for some 
participants after repeating the evaluation. These results lead to a consensus 
meeting in order to develop uniform principles for the grading procedure, and for 
³5RXQG´WKHYDULDWLRQLQJUDGLQJGLVWULEXWLRQZDVOHVVSURQRXQFHG,QERWK³5RXQG
´DQG³5RXQG´WKHDJUHHPHQWEHWZHHQSDUWLFLSDQWVVKRZHGVXEVWDQWLDOYDULDWLRQ
(Kappa values ranged from 0.14 to 0.58). The intra-observer variability was less 
pronounced than the inter-observer variability. A subgroup describing the difference 
between left and right sided specimens would have been interesting but was not 
possible due to the small sample size. 
The major strength of this study is the strict methodology in how the participants 
evaluated each specimen and the use of one of the developers of mesocolic grading 
as the reference. The same specimen has been evaluated 6 times by pathologists 
and surgeons from two different centers which stress out the individual differences in 
the evaluation system. Limitations lie in the relatively small number of specimens 
evaluated. In particular, the small number of resections in the muscularis propria 
plane makes evaluation of this group potentially unreliable. As avoidance of the 
muscularis propria plane appears to be an important factor for patient survival, we 
recommend a larger study enriched for muscularis propria plane specimens to 
ensure consistency in the evaluation of suboptimal specimens. Evaluations in the 
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current study were performed on high resolution photographs of specimens however 
it is not clear whether the differences reported would be reproduced if the participants 
had prospective access to the fresh specimens and the ability to interrogate them 
from all angles. An evaluation based on fresh specimens would be optimal but was 
impossible to undertake in our study. 
Following the proposal of CME as the optimal method of colon cancer resection, 
pathological grading of the specimen according to the plane of mesocolic dissection 
became a new way of evaluating the quality of surgery. The study from N. West et al. 
in 2008 became a key article and explained the principles for grading of CME 
specimens 5. The surgical and pathological techniques were developed from TME 
surgery and evaluation, and the specimen is similarly described to be either in the 
mesocolic plane, intramesocolic plane or the muscularis propria plane. Through this 
evaluation, the standardized assessment of colon cancer specimens by pathologists 
makes it possible to compare the quality of surgery between surgeons and different 
institutions. To our knowledge, no other study has yet validated the histopathological 
evaluation of colon cancer specimens.  
Colon cancer specimens show more varied anatomy due to the different regions of 
the colon when compared to rectal cancer specimens, so it might be expected that 
agreement in mesocolic grading would be worse than mesorectal grading. Two prior 
studies have shown variation in the pathological grading but only for TME specimens. 
A similar project has been undertaken for the evaluation of the mesorectal plane in 
rectal cancer resection 14.  Specimens assessed by local pathologists were re-
evaluated by a review committee using digital photos. Like the present study, the 
concordance was low with a Kappa of 0.41 (95% CI, 0.30±0.52), even though they 
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re-evaluated a higher number of specimens. The conclusion is that there are a need 
for more objective and reproducible criteria in pathology.  
 The second study was a meta-analysis for the pathological evaluation of rectal 
cancer specimens, and demonstrated a substantial variation in plane of resection 
between centers 15, which could represent differences in the quality of the surgery 
rather than grading between pathologists.  
 
This novel study illustrates two important issues regarding the grading of CME 
specimens. 
First of all the evaluation of CME specimens is developed to reflect the surgical 
quality of the resection. The low Kappa values in the study reflect the fact that the 
principles of pathological specimen grading do not produce a truly objective score. 
Even the development of a uniform set of detailed instructions did not increase the 
Kappa values significantly. It is therefore difficult to agree on the true quality of a 
specimen. Despite this, the study shows a high level of intra-observer agreement for 
some of the participants, which implies that with experience, consistency in the 
evaluations will likely occur. Even with the level of subjectivity observed, specimen 
grading is felt to be an important component of surgical quality evaluation. It can be 
used to compare how surgeons in one unit change over time and provide individual 
feedback in postoperative multidisciplinary meetings by a review of specimen 
photographs. Similar subjective systems with significant intra-observer agreement 
are used in routine practice in colorectal cancer pathology to stratify patient care 
including tumor differentiation, tumor budding, regression grading after pre-operative 
treatment and vascular invasion. 
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The most important component of CME in order to improve patient survival is 
believed to be resection in the mesocolic plane.  One study showed that resection in 
the muscularis propria plane was significantly associated with reduced overall 
survival following colon cancer resection 5. Our study showed the worst level of 
agreement for the muscularis propria plane, however, there were very few specimens 
with major defects and therefore further investigation is needed. 
 
The grading of mesocolic planes by pathologists does not currently have a direct 
consequence for the treatment of patients with colon cancer in Denmark. It is 
routinely implemented as a part of the Danish national guidelines 16 in order to raise 
the surgical quality of colon cancer treatment. It is therefore mandatory for Danish 
pathologists to evaluate colon cancer specimens according to the resection plane 
and to record this in the pathological report.  
 
The second issue of CME evaluation is the comparison of result between hospital 
units. The proportion of specimens resected in the mesocolic plane has become an 
accepted method of documenting the quality of colon cancer surgery between 
surgical departments in addition to other variables including lymph node yield, and 
has been presented in several articles detailing the introduction of CME. The 
uniformity of these evaluations for colon cancer has never been tested, and as this 
study shows, the gradings can vary substantially between individual pathologists. 
This degree of variation suggests that comparing results between units should be 
undertaken cautiously. The grading of the specimen appears to depend upon both 
the skill of the surgeons, but also the interpretation by the pathologist. In our study, 
we identified less variation in the proportion of specimens resected in the mesocolic 
 Variation in pathological evaluation  - 16 - 
 
plane after the agreement of uniform grading principles (Appendix 1). This 
demonstrates that following detailed standardization of the guidelines, a comparison 
of specimens resected in the mesocolic plane between hospitals is a reasonable 
method of assessing variation in surgical quality.  
 
The grading of colon cancer specimens is an important tool in measuring the quality 
of the surgery, but this is not an objective assessment and we require an 
internationally accepted uniform protocol in order to get more comparable results. 
This could be augmented by an online resource containing a series of good 
H[DPSOHVZLWKD³WHVWVHW´LQRUGHUWRLOOXVWUDWHWKHHYDOXDWLRQRIVSHFLPHQVDQG
ensure consistency of results.  
 
In conclusion, we have demonstrated significant variation in the grading of colon 
cancer specimens between pathologists. We suggest that the pathological grading of 
quality of colon cancer specimens requires further training and standardization prior 
to routine implementation in clinical practice. Therefore caution should be taken when 
comparing the results between different hospitals unless a detailed uniform protocol 
is followed. 
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Legends 
Table 1a-b: Both tables show each participants agreement with themselves. 
Numbers in parenthesis reflects a 95% confidence interval 
 
Table 2a-b: The agreement between other participants and the reference person 
(Nick West (NW)) 
Figure 1a-d: Individual distribution of grading in four rounds. P-values are derived 
from assessing the differences in the distribution of grading between the first and 
second assessment for each participant in the round. 
 
Figure 2: Intra-observer variability for the reference person. All 99 specimens. 
 
Figure 3: Inter-observer variability for each person compared to the reference person 
(50 specimens, four rounds, five comparisons).  990 evaluations as one specimen 
was excluded in Round 1.  
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